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Chip Size-Dependent Light Extraction Efficiency for Blue Micro-LEDs
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Abstract: Micro-LEDs show lower efficiencies compared to general LEDs having large areas. Simulations were carried out

using ray-tracing software to investigate the change in light extraction efficiency and light distribution according to chip-size
of blue flip-chip micro-LEDs (FC u-LEDs). After fixing the height of the square FC p-LED chip at 158 um, the length
of one side was varied, with dimensions of 2, 5, 10, 30, 50, 100, 300, and 500 um. The highest light-extraction efficiency

was obtained at 10 um, beyond which the efficiency decreased as the chip-size increased. The chip size-dependence of the

FC p-LEDs both without the patterned sapphire substrate, as well as vertical FC p-LEDs, were analyzed.
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Fig. 1. Cross-sectional image of the FC p-LEDs.

Table 1. Height and refractive index of the each layer.

Materials Thickness Refractive index
p-GaN 0.15 gm 2.45
Active layer 0.1 gm 2.54
n-GaN 6.75 1m 2.45
Sapphire 150 /m 1.78
Reflector 1 /m 0.151
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Fig. 2. (a) Result of light extraction efficiency and (b) side/top ratio
according to changing the length of one side of the FC p-LEDs.



A71AR A 2 etel =2 Al Ai32d A= pp. 47-52, 2019'F 14

m Sk 4z

Ay H

rg rlo
~

_kg_[:‘
2
a
Fru
re
i)
=
1
rE
js_[:‘
N
oy
ofl
ﬂ
|u
o

i)

2% 1] 3t 100 m o]ske] nfo
Z7to] wet @ gEo] golshA
345 271k Ao] & wo] Zo]zh 500
Aeat Z90] A ule 28 w7t SAbsh

o xR DN b L
S
(@]

£ E rﬁ Wy rg g

S o |

i}

w
rlo

o
o
i)

Length of the one side

@10 uym @100 pm
. (W/ pm?)
0.00104 4.91E-05
-40.
0.000914 4.29E-05
20 0.000783 3.68E-05
0.000653 3.07E-05
X, pm 0 0.000522 2 45E-05
" 0.000392 1.84E-05
0.000261 1.23E-05
40 0.000131 6.13E-06
0 0
60
Y, um 3.3E-06
@500 pm 2.89E-06
ey X
! 2.47E-06
— —— 2.068-06
X, yimi &
@ ] 1.65E-06
I
e — 124806
-250 -200 -150 -100 -50 O 50 100 150 200 250 8.24E-07
Y, um
4.12E-07

0

Fig. 3. Image of the side irradiance according to changing the
length of one side of the FC p-LEDs.
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Fig. 4. Far-field light intensity angular distribution for the FC p-LEDs.
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Fig. 7. Far-field light intensity angular distribution for the non
PSS FC p-LEDs.
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